DNA Synthesis in Human Skin Studied in vitro by Autoradiography**From the Department of Dermatology, Tokyo Women's Medical College, Tokyo and the Departments of Dermatology and Industrial Health and The Institute of Industrial Health, University of Michigan, Ann Arbor, Michigan.  by Fukuyama, Kimie et al.
DNA SYNTHESIS IN HUMAN SKIN STUDIED
IN VITRO BY AUTORADIOGRAPHY*
KIMIE FUKUYAMA, M.D., TOSHIO NAKAMURA, M.D. AND I. A. BERNSTEIN, PH.D.
Autoradiography makes it possible to cor-
relate metabolic activity with cytology in in-
dividual cells. A combination of low energy beta
emission, such as from tritium, and high resolu-
tion film allows the study of subcellular localiza-
tion of incorporated isotope. This technic has
been particularly valuable when applied to non-
synchronous biological systems, such as mam-
malian epidermis, and has provided consider-
able information on cellular metabolism and
proliferation. Although much work with the
procedure has been done on animal skin, in vivo,
its use in the human, in vivo, has been restricted
since administered radioactive substances are
usually distributed generally throughout the
body and the dosages of tracer required in the
human is relatively large. For these reasons the
development of autoradiographic technics to
study human skin, in vitro, would be valuable.
This paper reports preliminary data on an
autoradiographic study of DNA synthesis in
the epidermis of human skin cultured, in vitro,
using thymidine-H3 as a tracer.
METHODS AND MATERIALS
A modification of the watch-glass method (1)
was used. Watch-glasses (3.8 cm in diameter) con-
taining circles of stainless steel wire mesh (17 mm
in diameter) were sterilized. Biopsy specimens, cut
into explants approximately 2 mm3, were placed
on the wire mesh with the epidermis uppermost.
Underneath the wire mesh, was placed a solution
of lactalbumin hydrolysate-yeast extract medium
with supplement of tritiated thymidine at 2 C
per ml. The solution was just in contact with the
tissue on the wire mesh. The watch-glasses were
then incubated in a desiccator under the atnios-
phere of 95% 0r5% 002 at 370 for 1 or 2 hours.
The COrO mixture was used to maintain the pH
of the medium at 72 to 7.4. Water was placed in
the base of the desiccator to maintain humidity.
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After the incubation, the skin specimens were
fixed in 10% formalin solution and subsequently
dehydrated and embedded in paraffin. The speci-
mens were cut at 4 microns and mounted on slides.
Autoradiographs were prepared with Kodak Auto-.
radiographic Stripping Plates, AR 10 and devel-
oped with Kodak Developer D19 after 4 weeks of
exposure. The autoradiographs were stained with
methylene blue.
RESULT
The incubated skin consisted of the whole
thickness of the epiderniis and the upper part
of the dermis. The normal explants had approx-
imately 4 to 5 layers of epidermal cells and ac-
tivated silver grains were observed on the nuclei
of the basal layer or the layer just above (Figs.
land 2).
In explants from eczematous lesions, the
epidermis showed moderate acanthosis and
intra- and inter- cellular edema which, in
places, resulted in vesicle formation. The labeled
cells were increased especially at the edge of
vesicles (Figs. 3 and 4).
An abnormally high number of labeled nuclei
was observed in biopsy specimens taken from
verrucous lesions indicating an abnormal epi-
dermal cell proliferation.
DISCUSSION
Labeling of the tissue, in vitro, appears to be
the most feasible way to study human skin by
autoradiography. The method described permits
the labeling of the skin biopsy specimen at rel-
atively little cost and at no hazard to the pa-
tient. The previously reported problem (2, 3)
that labeled cells were located only in peripheral
regions of tissues which were 8 to 10 cells in
thickness, was not found in the present study.
The difficulty appeared when tissues were im-
mersed in physiological saline or Ringer's lac-
tate. Epidermal cells often show cytological
changes after incubation in physiological saline
for 2 hours. The nuclei become pyknotic with
halos around them and the number of mitotic
figures decreases. In the present study, however,
the distribution of labeled cells was even and the
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FIG. 1. Normal skin explant after incubation for 1 hour
FIG. 2. Autoradiograph of the normal explant after incubation with thymidine-H3 for 1 hour
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FIG. 3. Biopsy specimen taken from the lesion of acute eczema
FIG. 4. Autoradiograph of the eczematous lesion
after incubation with thymidine-113 for 1 hour.
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grain count of individual cells was similar in
peripheral and central areas. Autoradiographs
could therefore, be made of all sections of the
tissue blocks. Use of organ culture technics
would be expected to be superior in maintain-
ing the skin in a more vital condition, and to
allow a more representative uptake of the
labeled compounds by the skin as was shown
in the chick embryo when movement of labeled
cells was observed in organ culture (4).
A study, in vivo, showed that the labeled ma-
terial detected in the skin cells of newborn rats
after administration of tritiated thymidine was
DNA (5). Since DNA is synthesized in the cell
cycle sometime before cell division, tissues hav-
ing a high number of labeled cells are considered
to be rapidly proliferating. Thus since the
number of labeled cells was increased in the
verrucous and eczematous lesions relative to the
normal epidermal cells, the cells in the lesions
must be proliferating more rapidly than is the
case normally. The precise number and location
of the labeled cells in normal and pathological
skin conditions are now under investigation.
Whether or not the increased number of the
labeled cells in the eczematous lesions is a result
of specific changes in the metabolic rates of
these cells or a result of the healing process
around the vesicles remains unsolved.
SUMMARY
1. A method has been described for studying
the synthesis of DNA in human skin, in vitro,
by autoradiography. The technic has been ap-
plied to normal skin biopsy specimens and to
specimens from eczematous and verrucous le-
sions.
2. In the normal skin, DNA synthesis was
observed in nuclei of the basal layers as well as
the cells above the basal layer. The number of
labeled cells was abnormally high in the ver-
rucous and eczematous lesions.
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